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Vegetation data 161
As described by Xu et al. (2018) , we collected litter and sun-exposed and mature leaves (leaf blades 162 for trees) from between five and ten individuals of each plant species at each site and determined 163 their TN and TC concentrations. We calculated the specific leaf area (SLA, the one-sided area of a 164 fresh leaf divided by its oven-dried mass, m 2 kg -1 ), leaf dry matter content (LDMC, the oven-dried 165 mass of a leaf divided by its water-saturated fresh mass, mg g -1 ), leaf C concentrations (leaf C, g kg ) for ten fully expanded leaves of each sampled individual. 167
We also calculated the community-weighted means (CWM), as described by Garnier et al. (2004) . 168
The diversity of the tree species and plant functional traits are summarized in Table S2 . 169
Microbial substrate use 170
Microbial functional diversities were determined using a Biolog EcoPlate TM (Biolog Inc., Hayward, 171
California, USA) as described by Garland and Mills (1991) . Briefly, approximately 10 g of fresh soil 172 was suspended in 100 ml saline solution (0.85% NaCl) and shaken on an orbital shaker for 30 min at 173 190 rpm. A 150 μl aliquot of supernatant from 1:1 000 dilutions of each soil sample was added to 174 each well. The plates were incubated at 25°C, and the absorbance at 590 nm was measured using a 175 microplate reader (GENios Pro TM , Tecan Trading AG, Mä nnedorf, Switzerland) every 24 h up to 240 176 h (0, 24, 48, 72, 96, 20, 144, 168, 192, 216, and 240 h) . 177
The Richness (R), Shannon-Weiner diversity index (H′), Shannon evenness index (E), and 178
Simpson dominance index (D) were calculated from the absorption values after EcoPlate TM 179 incubation for 96 h (Gomez et al., 2006) . Additionally, the 31 C sources were divided into six groups, 180 namely carbohydrates, carboxylic acids, amines, amino acids, polymers, and miscellaneous, as 181 suggested by Zak et al. (1994) . The average absorbance of all C sources within each group was 182 computed as the intensity of the single substrate use. The soil microbial metabolic intensities (S) were 183 estimated by the area underneath AWCD vs. t, and were obtained by integrating the equation against 184 time t ( Guckert et al., 1996) : 185 Biogeosciences Discuss., https://doi.org/10.5194/bg-2018-499 Manuscript under review for journal Biogeosciences Discussion started: 24 January 2019 c Author(s) 2019. CC BY 4.0 License.
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where vi was average optical density of the ith incubation time. 187
SOM decomposition rate 188
Four replicates from each sampling site with a 60% water-holding capacity were incubated at 20°C . 189
In brief, 40 g of each fresh soil sample were put into a 150-ml incubation bottle, and the samples 190 were then adjusted so that their moisture content corresponded to a water-holding capacity of 60%. 191
During the 4-week incubation period, the soil respiration rates were measured on days 1, 7, 14, 21, 192 and 28 using an automatic system. The SOM decomposition rates were calculated as described in the 193 study of Xu et al. (2015) . 194
Statistical analysis 195
One-way analysis of variance (ANOVA) followed by a post hoc Tukey HSD test were used to test 196 the significance of the differences among the soil properties, C use, functional diversity, and SOM 197 decomposition rates in the different forest ecosystems. We tested the relationships between labile C, 198 soil microbial community structure, microbial function, and the SOM decomposition rates with the 199
Pearson correlation test. Differences were considered significant when P<0.05, with marginal 200 significance set at P<0.01. All ANOVA and regression analyses were performed using SPSS 19.0 201 for Windows. Data are reported as the mean ± SE. 202
We used redundancy analysis (RDA) to examine the relationship between the environmental 203 variables and soil microbial substrate use. The environmental variables were the same as those 204 described in Xu et al. (2018) Of the forests along the NSTEC, the C metabolic intensity of soil microbes was lowest in HZ and LS; 213 the C metabolic intensity of soil microbes differed significantly between JF and the other forests (Fig.  214 2), which indicates that the color development was significantly higher in the tropical forest soils 215 than in the subtropical and temperate forest soils and is consistent with the variations in the AWCD 216 (Fig.S1 ). The average values of R, H′, and D were significantly different among the nine forest soils 217 and were highest in JF, SN, and CB (Table 3) . 218
Across the nine forests, soil microorganisms used the six substrate groups in the same order; the 219 carboxylic acid substrate was used most, followed by amino acids, carbohydrates, polymers, amines, 220 and miscellaneous substrates (Fig. 3) . Microorganisms in the boreal and temperate forests mainly 221 metabolized carbohydrates, amino acids, and carboxylic acids, while those from the subtropical and 222 tropical forests used the substrates in equal proportions. 223
Overall, soil MBC concentrations in the boreal and temperate forests were three to eight times 224 higher than those of the subtropical and tropical forests. In contrast, the average DOC concentration 225 in the tropical and subtropical forest soils ranged from 311 to 458 mg kg −1 , which was significantly 226 higher than the average concentration in the temperate and boreal forest soils, where the average 227 concentrations ranged from 204 to 284 mg kg −1 (Table 2 ). The average SOM decomposition rates in 228 the subtropical forests ranged from 0.64 to 2.42 μg C g −1 d −1 , and were significantly lower than the 229 rates in the temperate forests, which ranged from 3.43 to 4.61 μg C g −1 d −1 (Table S3) . 230
Effect of environmental properties on soil microbial substrate use 231
Redundancy analysis showed that the variations in soil microbial substrate use were strongly and 232 positively correlated with the CWM values of LDMC, leaf N, and leaf C, and strongly and negatively 233 correlated with the soil silt content and SMC (Fig. 4) . The RDA2 of soil microbial substrate use was 234 strongly positively correlated with TN and SOC, but negatively correlated with mean annual 235 precipitation (MAP) (Fig. 5) (Fig.5) . 245
The abundance of G − bacteria was positively associated first with the specific activities of BG, 246 whereas actinomycetes and G + bacteria were positively associated with BG and LAP. Soil fungi were 247 negatively associated with BG (Fig.5) . 248 3.4 Relationships between SOM decomposition rate, PLFAs, enzyme activity, and microbial 249
metabolic activities 250
The SOM decomposition rates were significantly and positively related to soil MBC concentrations 251 but significantly and negatively related to soil DOC concentrations ( Fig. 6a and b) . Except for amino 252 acid and amine substrates, the SOM decomposition rates were significantly and positively related to 253 microbial metabolic activities (AWCD) and carbohydrate substrate use ( Fig. 6c and d ) and negatively 254 related to carboxylic acid, polymer, and miscellaneous substrate use (Fig. 6e, g, and (Fig. 7a, b, d , and f) but were negatively correlated with fungal 258 PLFAs (r=−0.370, P=0.026), F/B (r=−0.513, P=0.001), and the G + /G − (r=−0.496, P=0.002) (Fig. 7c,  259 g, and h). Except for LAP activity, soil enzyme activities were significantly and positively correlated 260 with the SOM decomposition rates (P<0.01) (Fig. 7i, j, 
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Soil organic matter is one of the most important C pools in terrestrial ecosystems. The concentrations 264 of soil DOC in the temperate forests were lower than those in subtropical forests but soil MBC 265 concentrations were higher in temperate forests than in subtropical forests. This reflects the results 266 of previous regional and global studies (Tian et al., 2010; Xu et al., 2013) , and shows that the 267 production/consumption ratio of soil DOC was lower, but that microbial C immobilization was higher, 268 in the high latitude forests (Fang et al., 2014) . Soil DOC, as a labile SOM fraction with a rapid 269 turnover, is one of the primary energy sources for microorganisms. The higher temperatures and 270 precipitation in subtropical and tropical forests lead to higher turnover rates (Fang et al., 2014) , so 271 soil DOC concentrations were highest in subtropical, and MBC concentrations were lowest, in 272 tropical forests. However, in temperate forests, more C is assimilated into microbial biomass, so that 273 less C is lost through chemical and physical processes (Liu et al., 2010) . Also, because the 274 decomposition ability of different microbe groups varies, the differences in the soil microbial 275 communities in different forest ecosystems may also be responsible for the spatial variations in the 276 soil DOC and MBC concentrations along the NSTEC (Hagedorn et al., 2008) . 277
Heterotrophic soil respiration is sustained by the decomposition of SOM. The SOM 278 decomposition rates along the NSTEC were greater in temperate forests than in subtropical forests, 279 which was consistent with the variations in the soil MBC and SOC concentrations. These results 280 indicate that, as found in other studies, large scale SOM decomposition rates are driven by the 281 amounts of substrate available (Yu et al., 2010) . Changes in the availability of C in SOM may affect 282 the microbial resource strategies, which may in turn influence the SOM decomposition rate. 283
Latitudinal variation in microbial substrate use 284
The AWCD reflects the sole C source use ability of the soil microbial community (Garland and Mills, 285 1991) . Of the six groups of C substrates, microbial communities in the temperate forests mainly used 286 carbohydrates, carboxylic acids, and amino acids, which suggests that microorganisms in temperate 287 forests probably use high-energy substrates that degrade easily (Kunito et al., 2009) (Liu et al., 2012; Buscot, 2015) . 295
As hypothesized, the soil microbial community composition was explained by the CWMs of 296 plant traits at the regional scale. Carbon substrate use was negatively correlated with leaf N 297 concentrations (Table S2 ). Bacterially dominated soil microbial communities develop from leaf litter 298 comprised of N-rich leaves from fast growing species (De Vries et al., 2012) , while leaves with low 299 N concentrations will promote fungal domination (Orwin et al., 2010; De Vries et al., 2012) . In line 300 with this, fungal biomass decreased, and bacterial biomass increased, as the CWM leaf N content 301 increased, and is associated with fast-growing, N-exploitative plants (Xu et al., 2018) . Leaf N 302 concentrations are considered as indicators of plant growth and resource uptake (Wright et al., 2004) . 303
The results from this study show that, along the NSTEC, high leaf N restrained microbial C substrate 304 use and was a good indicator of the competition between plants for soil N (Pei et al., 2016) . Soil 305 microbes and nearby plants may have been competing for N in the soil. 306
We also found that the C substrate use was negatively correlated with the leaf C concentrations 307 (Table S2 ). High latitude plants may have higher leaf C concentrations than plants at lower latitudes 308 so that they can balance the osmotic pressure of cells and resist freezing (Millard et al., 2007; Hoch 309 and Körner, 2012) . The increased C was most likely in the form of an increase in non-structural C, 310 including starch, low molecular weight sugars, and storage lipids that are easy to break down. Plant 311 functional traits play an important role in shaping soil microbial communities (Pei et al., 2016) , so 312 soil microorganisms from the temperate forests mainly metabolized high-energy substrates 313 (carbohydrates, carboxylic acids, and amino acids). 314
The LDMC is the ratio of the leaf dry weight to the fresh weight and has been used as a proxy 315 for the ratio of structural compounds to assimilatory tissue (mesophyll and epidermis, Van Arendonk 316 and Poorter, 1994) . High values of LDMC indicate large amounts of vascular tissue, cellulose, 317 insoluble sugars, and leaf lignin that are difficult to decompose (Poorter and Bergkotte, 1992) ; C 318 substrates such as carbohydrates, carboxylic acid, and amino acid are, however, easy to decompose 319 (Myers et al., 2001 ). In line with this, the use of carbohydrate, carboxylic acid, and amino acid 320 Biogeosciences Discuss., https://doi.org/10.5194/bg-2018-499 Manuscript under review for journal Biogeosciences Discussion started: 24 January 2019 c Author(s) 2019. CC BY 4.0 License.
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substrates was negatively related to the CWMs of the LDMC (Table S2) . Pei et al. (2016) reported 321 that the LDMC was an important driver of multivariate soil microbial community structure and G − 322 bacterial abundance. 323
Soil texture regulates soil biological processes and so affects the soil microbial community 324 structure (Sessitsch et al., 2001) . In the present study, microbial C substrate use was significantly and 325 positively related to the soil silt content. Soil types and textures varied along the NSTEC. Soil texture 326 influences how microbes use organic matter, and has a strong influence on soil moisture, nutrient 327 availability, and retention (Veen and Kuikman, 1990) . Fine-textured soils with a higher silt content 328 are known to be more favorable for bacterial growth than soils with a lower silt content because of 329 their greater water-holding capacity and nutrient availability, and because they are better protected 330 from bacterial grazers (Carson et al., 2010) . We found that the microbial C substrate use was higher 331 in LS, CB, SN, and JL than in the other forests, reflecting their fine-grained soils and high silt contents, 332 which ranged from 60% to 80%. 333
Links between soil microbial community structure and function 334
The quality and changes in the amounts of SOM are influenced by the biomass, vegetation coverage, 335 root distribution, microbial specie (Raich and Schlesinger, 1992) . The SOM decomposition rates 336 were higher in temperate forests than in tropical forests and may reflect the higher soil microbial 337 biomass (Wang et al., 2016) . In line with this, SOM decomposition rates were positively related with 338 soil MBC concentrations and different groups of PLFAs. The inverse relationships between SOM 339 decomposition rates and DOC, and between SOM decomposition rates and the use of some individual 340 PLFAs. Soil BG was mainly responsible for cellulose degradation and was involved in breaking 358 down complex organic compounds (cellobiose) into small molecule substrates (glucose) in favor of 359 acquiring C through microbial community growth. Other studies have found that G + bacteria were 360 positively correlated with the cellobiohydrolase that was responsible for degrading complex 361 compounds (Waldrop et al., 2000) . Fungi are commonly considered as producers of oxidative 362 enzymes. Therefore, the influence of fungal biomass on variations in enzyme activities was minimal 363 (Kivlin and Treseder, 2014) . The linkages between enzyme activity and community composition may 364 provide some insight into the microbial mechanisms that drive the decomposition of macromolecular 365
C compounds. 366
The soil microbial community structure and functions were significantly correlated along the 367 NSTEC. Soil carbohydrate and polymer substrate use were mainly related to soil G + bacterial and 368 actinomycic biomass, but amines and miscellaneous substrates were mainly related to soil G − 369 bacterial, fungal biomass, and the F/B ratio. Soil bacteria mainly decomposed simple carbohydrates, 370 organic acids, and amino acids, whereas soil fungi mainly decomposed recalcitrant compounds 371 (Myers et al., 2001; Treonis et al., 2004) . Shifts in the microbial community composition may 372 influence enzyme production if microbial groups need nutrients at lower concentrations to construct 373 biomass, or have enzymes that differ in their affinity for nutrients. In agreement with our study, 374 numerous other researchers have reported significant correlations between PLFA profiles and enzyme 375 activities (DeForest et al., 2012; Brockett et al., 2012; Riah-Anglet et al., 2015) . Soil BG and AP 376 activities were positively related with bacterial and actinomycic biomass and negatively related with 377 Biogeosciences Discuss., https://doi.org/10.5194/bg-2018-499 Manuscript under review for journal Biogeosciences Discussion started: 24 January 2019 c Author(s) 2019. CC BY 4.0 License. 15 fungal biomass. Soil NAG activities were weakly and positively related with fungal biomass in the 378 present study, and may have been mainly produced by fungal populations (Valášková et al., 2007) . 379
These results suggest that that overall ecosystem functioning may suffer if soil microbial groups are 380 lost, which confirms the functional dissimilarity hypothesis. However, to gain an improved 381 understanding of the mechanisms that drive these relationships, we need to carry out further studies 382 with different experimental techniques. 383
Conclusions 384
In this study we examined the patterns in labile C concentrations, SOM decomposition rates, 385 microbial substrate use, and functional diversity and identified a combination of abiotic and biotic 386 factors that influenced soil microbial functional diversity at the regional scale. The MBC 387 concentration and SOM decomposition rates were significantly lower, and the soil DOC 388 concentrations and microbial metabolic activities were higher, in the subtropical and tropical forests 389 than in the temperate forests. For the first time, we showed that, along with the soil silt content, CWM 390 plant traits explained variations in soil microbial C substrate use at the regional scale. Soil microbial 391 community structure and function were strongly related, which suggest that the loss of soil microbial 392 groups may have consequences for overall ecosystem functioning, which confirms the functional 393 dissimilarity hypothesis. 
433
De Vries, F.T., Manning, P., Tallowin, J.R., Mortimer, S.R., Pilgrim, E.S., Harrison, K.A., Hobbs, P.J., Quirk, H., 
444
Garnier, E., Cortez, J., Billes, G., Navas, M.L., Roumet, C., Debussche, M., Gé rard, L., Alain, B., David, A., Astrid, 
539
Biogeosciences Discuss., https://doi.org/10.5194/bg-2018-499 Manuscript under review for journal Biogeosciences Discussion started: 24 January 2019 c Author(s) 2019. CC BY 4.0 License. Biochem., 19, 703-707, 1987. 540 Veen, J.A.V., Kuikman, P.J. Soil structural aspects of decomposition of organic-matter by micro-organism, 541 Biogeochemistry, 11, 213-233, 1990 . 
553
Wei, H., Guenet, B., Vicca, S., Nunan, N., AbdElgawad, H., Pouteau, V., Shen, W., Janssens, I.A. Thermal acclimation 554 of organic matter decomposition in an artificial forest soil is related to shifts in microbial community structure,
555
Soil Biol. Biochem., 71, 1-12, 2014. 
578
Temperature mediates continental-scale diversity of microbes in forest soils, Nat. Commun., 7, 12083, 2016. 
587
Different lowercase letters indicate significant differences among forests in the same climate zone. The abbreviations 588 of the sampling sites are given in Table 1 . 
595
Leaf C, leaf carbon content; Leaf N, leaf nitrogen content; SLA, specific leaf area. Soil properties included SMC, soil 596 moisture content; Silt, soil silt content; TN, soil total nitrogen; SOC, soil organic carbon. The abbreviations of the 597 sampling sites were given in Table 1 598 
606
PLFAs (a-h) and enzyme activities (i-l). 
608 609

Supporting information 610
